A proteinase has been purified from the stipes of senescent sporophores of the mushroom Agaricus bisporus. The proteinase was inhibited by PMSF. It has a broad pH optimum, 6511.5, and a narrow substrate specificity, requiring both a hydrophobic amino acid in the P, position and a minimum peptide chain length. The apparent molecular mass of the proteinase was 27 kDa when determined by SDS-PAGE and 14.1 kDa when measured by gel filtration. The isoelectric point of the proteinase was 9-0. Polyclonal antibodies have been raised to the proteinase. The proteinase from A . bispovus has similar properties to, and 60 % N-terminal sequence identity with, proteinase K from the fungus Tritirachium album.
Introduction
Agaricus bisporus is the most extensively cultivated mushroom species in the world. After harvest the sporophore continues to develop by expansion of the cap and stipe, and production of spores. The high respiration rate of harvested mushrooms is sustained by the catabolism of mannitol, trehalose and glycogen (Hammond & Nichols, 1975) . Soluble protein levels fall in mushroom cap tissues to 40% (skin tissue) and 24% (flesh tissue) of the levels of freshly harvested mushrooms during 5 d post-harvest storage (Burton, 1988a) . These post-harvest changes of composition are accompanied by small changes in the activities of the pentose phosphate pathway enzymes and NADPH oxidase (Hammond, 1978) . In contrast, the increase in proteolytic activity is large (Murr & Morris, 1975) . Burton (1988a) has shown that the 12-fold rise in proteinase activity is a harvest-induced event as it does not occur in mushrooms continuing to develop while still in contact with their mycelium. As proteinases are post-harvest regulated, their study provides a possible route of investigation into the mechanism of mushroom senescence.
The function of the post-harvest proteinases may be to release amino acids for the nutritionally starved, excised *Author for correspondence. Tel. (0903) 716123; fax (0903) 726780.
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sporophore following the depletion of carbohydrate reserves, and/or to activate enzymes. The enzyme tyrosinase which is responsible for tissue browning can be activated in vitro by trypsin and there is evidence that in vivo activation of tyrosinase occurs in the sporophore after harvest (Burton, 1988 b) . Chitin synthase activity, necessary for cell wall growth of fungi and therefore involved in post-harvest sporophore development (cap and stipe expansion), can also be proteolytically activated (Hanseler et al., 1983) .
There have been few investigations of the proteinases of Agaricus spp. Fermor & Wood (1981) identified acid (pH 36), neutral (pH 7-0) and alkaline (pH 9.1) proteinase activities in the culture supernatant of A. bisporus mycelium grown in Treschow basal salts medium containing insoluble casein or killed bacteria as sole carbon and nitrogen source. Kalisz et al. (1987) grew A . bisporus on defined liquid media and found proteinase activity (pH 7) in the culture filtrates only when protein was a component of the medium. Proteinase production was increased by addition of glucose to these media and occurred in a non-growth-associated manner with major increases in activity at transition to stationary phase and during senescence of the cultures.
Kizuki & Moriya (1982) purified and partially characterized a proteinase from the sporophore of a mushroom given the name Psalliota hortensis which is one of the alternative names that has been used for A . bisporus (Spencer, 1985) . This proteinase, extracted from fresh sporophores, is probably a cysteine proteinase as it was strongly inhibited by heavy metals and p-chloromercuribenzoic acid. It has a molecular mass of 67 kDa and was shown to degrade bradykinin.
To elucidate information on the mechanism of mushroom senescence, post-harvest proteinases and their induction mechanisms are being studied in sporophores after they have been harvested. In this paper we report the purification and characterization of one such proteinase.
Methods
Materials. DEAE-cellulose (DE52) and CM-cellulose (CM52) were obtained from Whatman. Sephacryl S-200 and a pre-packed column of Superose 12 were from Pharmacia. BDH Chemicals supplied Analar grade SDS, potassium chloride, the constituents for phosphate buffer, PMSF, and soybean trypsin inhibitor (Kunitz-type). All other chemical inhibitors, synthetic peptides and buffers were obtained from Sigma.
Organism and storage conditions. Mushrooms (Agaricus bisporus, strain U3, Somycel SA, Langeais, France) were grown on wheat-strawbased compost. Sporophores were harvested as button mushrooms, i.e. at developmental stage 2 (Hammond &Nichols, 1976) . The mushrooms were stored for 5 days at 18 "C, 90-95 Yo relative humidity. The stipes were separated from the caps, frozen in liquid nitrogen and stored until use at -20 "C.
Purification ofproteinase. Stored mushroom stipes were homogenized for 30 s in 100 mM-Tris/HCl, pH 8.5 (ratio 2 : 1, buffer volume :fresh weight) using a Polytron homogenizer at half maximal speed. This and all subsequent purification operations were performed at 0-2 "C unless stated otherwise. The homogenate was centrifuged at 35000 g for 20 min. The supernatant was dialysed against 20 mM-Tris/HCl, pH 8.5, for 20 h with two changes of buffer.
Dialysed supernatant extract was stirred for 15 min with a slurry of DE-52 ion-exchange cellulose that had been pre-equilibrated with 20 mM-Tris/HCl, pH 8.5 (ratio 1 : 1, pre-swollen DE52 weight : fresh sporophore weight). After standing for 15 min, the liquid was filtered first through Whatman No. 1 filter paper and then a 5 pm membrane filter (ME44 from Schleicher and Schuell). The pH of the filtrate was adjusted to 6.0 by slowly adding fine crystalline MES whilst stirring.
The filtrate was loaded on to a column (5 x 17 cm) of CM52 ionexchange cellulose pre-equilibrated with 20 mM-Tris/HCl/MES, pH 6.0 (i.e. 20 mM-Tris adjusted to pH 8.5 by addition of HCl and then to 6-0 by addition of MES as above) at 160 ml h-'. The column was washed with 20 mM-Tris/HCl/MES, pH 6.0 (volume equal to filtrate volume). Proteins were eluted from the column by a linear 0-50 mM-KC1 gradient in 20 mM-Tris/HCl/MES, pH 6.0 (500 ml) followed by 20 mMTris/HCl/MES, pH 6.0, 50 mM-KCl. The fractions from the peak of enzyme activity were pooled and concentrated by ultrafiltration using Amicon PM 10 filters, and then passed through a column (2.5 x 80 cm) of Sephacryl S-200 at 70 ml h-' in 100 mM-sodium phosphate buffer, pH 6-0. The active fractions were pooled, glycerol was added to 30% of volume and stored at -20 "C. Material prepared in this way is referred to as 'active proteinase' and was subsequently used for activity studies as indicated below.
The enzyme preparation to be used for immunization and antibody production was subjected to an additional purification step of preparative SDS-PAGE. The active enzyme from the Sephacryl S-200 column was concentrated by ultrafiltration (as above), made up to 1 % (w/v) SDS and 1 YO (v/v) mercaptoethanol, held at 100 "C for 15 min and then subjected to electrophoresis in a 15 O h (w/v) polyacrylamide gel (Laemmli, 1970) . The gel was stained with Coomassie blue R-250.
The major band at 27 kDa was cut out, finely chopped and protein extracted from it by incubating in 8 M-urea, 0.1 YO SDS at 35 "C for 16 h. The extract was dialysed twice against distilled water for 8 and 16 h and then concentrated to 3 ml by reverse dialysis using Sephadex G-25 as the water absorbent. This 'PAGE-purified enzyme' was divided into aliquots and stored frozen at -20 "C.
To reduce the incidence of autolysis during purification, PMSF was added to 1 mM to the active fractions eluted from the CM52 column during a separate enzyme purification. This was followed by incubation at 35 "C for 30 min. The PMSF-treated enzyme was concentrated by ultrafiltration, passed separately through the Sephacryl S-200 column in 100 mM-sodium phosphate buffer, pH 6.0, and concentrated by ultrafiltration (as above). The presence of proteinase in the column fractions was measured immunologically using the antibody capture ELISA technique (see below). The ' PMSF-treated enzyme' was stored at -20 "C.
Analyticalgelfiltration. Analytical gel filtration of the proteinase was carried out using Fast Protein Liquid Chromatography (FPLC) with a Superose 12 column (Pharmacia). Sodium phosphate buffer (50 mM, pH 6.5) was used to equilibrate and elute proteins from the column. Molecular mass markers for the FPLC gel filtration were bovine serum albumin (66 kDa), ovalbumin (45 kDa), carbonic anhydrase from bovine erythrocytes (29 kDa), trypsin inhibitor (Kunitz type) from soybean (20.1 kDa), cytochrome c from horse heart (12.4 kDa), and aprotinin from bovine lung (6.5 kDa).
SDS-PAGE. SDS-PAGE was performed as described by Laemmli
(1970) using a resolving gel of 15 YO acrylamide and a 4 YO stacking gel.
Before loading, samples were heated to 100 "C for 5 min in the presence
glycerol and 0.002 YO bromophenol blue or, where indicated, the above mixture with 1 mM-PMSF. The gels were stained with Coomassie blue R-250. The molecular mass markers were either from Sigma or from Bio-Rad.
Determination of proteolytic activity. Proteolytic activity (for purification, inhibitor and pH studies) was assayed spectrophotometrically by following the release of p-nitroaniline from succinyl-alanine-alanineproline-phenylalanine-p-nitroanilide (Suc-Ala-Ala-Pro-Phe-pNA). The assay mixture, unless stated otherwise, contained 0.1 5 mM-Suc-AlaAla-Pro-Phe-pNA in 100 mM-sodium phosphate buffer, pH 7.5. Enzyme activity was measured by following the initial increase in A,,, at 35 "C. A unit of activity was defined as the amount causing an increase of 1 absorbance unit min-'.
Preparation of antiserum. A rabbit received two intramuscular injections each of 32 pg of PAGE-purified enzyme in a 1 : 1 mixture of antigen, first with Freund's complete adjuvant and then 26 d later with Freund's incomplete adjuvant. This was followed by five intradermal injections during a period of 97 d each of 20 pg of PAGE-purified protein in a 1 : 1 mixture of antigen with Freund's incomplete adjuvant. Pre-immune serum was taken from the rabbit before the first injection. Immunoglobulins were partially purified from serum by ammonium sulphate precipitation (25-50 %) followed by dialysis against two changes of phosphate buffered saline (PBS : 140 mM-NaC1, 2.7 mMKCl, 1.5 ~M-KH,PO,, 8-1 ~M -N~, H P O , ) .
The final volume of the immunoglobulin fraction was the same as the starting volume of antiserum.
Antibody capture ELISA. This was performed as described by Harlow & Lane (1988) . Microtitre wells were coated in 1 : 100 dilutions of column fractions in 100 mM-sodium carbonate buffer, pH 9.6. The Proteinase from senescent Agaricus sporophores I38 1 100 pg 3,3',5,5'-tetramethylbenzidine base ml-' in 100 mM-sodium acetate buffer, pH 6.0.
Western blotting. Western blotting was performed by blotting SDS-PAGE gels on to nitrocellulose in 10 mM-sodium carbonate buffer, pH 10.7, 20% (v/v) methanol. The blots were blocked with bovine serum albumin (1 YO, w/v) and bovine serum (1 YO, v/v), probed with immunoglobulin fraction (1 : 2000 dilution) and detected with goat anti-rabbit alkaline phosphatase conjugate (1 : 2000 dilution) using 5-bromo-4-chloro-3-indolyl phosphate (BCIP) as substrate and the coupling dye nitro blue tetrazolium.
Zsoelectric focusing. Analytical isoelectric focusing was performed on a horizontal flat bed Pharmacia apparatus using pre-cast Pharmacia PAG plates, pH 3.5-9.5. To avoid any problems of self-proteolysis, the isoelectric point was determined on the PMSF-treated enzyme. The standards from Pharmacia were amyloglucosidase (3.9, soybean trypsin inhibitor (4.59, P-lactoglobulin (5.2), bovine carbonic anhydrase B (5-85), human carbonic anhydrase B (6.55), horse myoglobins (6-85 and 7.35), lentil lectins (8.15, 8.45 and 8.65 ) and trypsinogen (9-3). The protein bands were visualized by Coomassie blue R-250 staining, as for SDS-PAGE.
Effects ofproteinase inhibitors. Stock inhibitor solution (10 or 20 pl) was mixed with 100 mM-sodium phosphate buffer, pH 7.5, followed by 25 p1 of 'active proteinase' solution (suitably diluted) giving a total volume of 1 ml immediately prior to assay (using Suc-Ala-Ala-ProPhe-pNA). When the inhibitor stock solution was in a solvent [i.e. PMSF in 9 : 1 propanol/water, pepstatin in ethanol and N-tosyl-Lphenylalanine chloromethyl ketone (TPCK) in ethanol], the activity was compared to an assay containing the solvent at the same concentration.
Effect of pH on activity. The effect of pH on proteinase activity was determined using the active proteinase in the pH range 2-5-12. The buffers used (at 100mM) and their pH ranges were McIvaine's (phosphate/citrate, pH 2.5-5.5), phosphate (pH 5.5-8 and 1 1-12), tricine (pH 7.5-8.5), glycine (pH 8.5-10.5) and carbonate (pH 9.5-1 1.5). Stock substrate solution (50 pl) was mixed with buffer (925 pl) followed by 25 p1 of enzyme (diluted 1 : 100 in 100 mM-sodium phosphate buffer, pH 5 3 , and the activity was measured at 35 "C immediately after mixing.
Effect of p H on stability. To measure the effect of pH on enzyme stability, the active proteinase was mixed with each of the buffers as above to a ratio of 1 : 10 by vol. and incubated for either 1 h at 35 "C or 24 h at 0 "C. Enzyme activity was then assayed at 35 "C in 100 mMsodium phosphate buffer, pH 7.5.
Substrate speciJicity. To test the substrate specificity of the active proteinase, a variety of p-NA substrates were used. For comparative purposes, all stock solutions of the substrates were 3 mM in dimethylformamide. The assay conditions used were 0.1 5 mM-substrate in 100 mM-sodium phosphate buffer, pH 7.5, at 35 "C. Increase in A,, was measured.
Azo-dye-coupled proteins were used to assess the relative activity of active proteinase on proteins as substrates. One ml of 1 O h (w/v) solutions of azoalbumin and azocasein or 1 ml of a 1 YO (w/v) suspension of azocol in 100 mhl-sodium phosphate buffer, pH 7.5, were mixed with 50 p1 of suitably diluted proteinase and incubated at 35 "C. After a fixed time the reaction was stopped by the addition of 100 pl trichloroacetic acid solution (40 YO w/v), cooled and centrifuged.
Activity was measured as the difference in A,, (azoalbumin and azocasein) or A,,, (azocol) of the supernatants of the reaction mixtures compared with blanks (incubation of substrates only, stopped with trichloroacetic acid and then enzyme added). Direct comparison of activity against these substrates cannot be made as the extent of azosubstitution of the different proteins was unknown.
Protein determination. Protein concentrations were measured by the dye-binding method of Bradford (1976) . Bovine serum albumin was used as a standard.
N-terminal amino acid sequence analysis. Ten micrograms of the PMSF-treated proteinase was run on an isoelectric focusing gel (pH 3.5-95) and then blotted onto Problott (Applied Biosystems) in 10 mM-CAPS, 10 YO (v/v) methanol, pH 11. The blot was stained for 30 s in 0-1 YO Coomassie blue R-250 and destained in 50% (v/v) methanol. The protein band was cut out. N-Terminal sequencing was performed using an Applied Biosystems 470A Gas Phase protein sequencer equipped with a 120A on-line phenylthiohydantoin (PTH) analyser. The protein band cut from the Problott was placed directly onto the sequencer reaction cartridge and held in place with trifluoroacetic acid etched glass fibre filter discs (Hunkapillar et al., 1983) . The sequence of the proteinase was compared with known amino acid sequences or amino acid sequences derived from known nucleic acid sequences using the GCG Software (Devereux et al., 1984) .
Results
In preliminary experiments, 70-80 YO of the proteolytic activity (using the substrate Suc-Ala-Ala-Pro-Phe-pNA) from senescent sporophores was located in the stipe tissues which contained only 6 7 Y 0 of the soluble protein. Senescent stipe tissue was therefore used as the starting material for proteinase purification. Detailed description of the tissue distribution of the enzyme will be published elsewhere.
The purification of the proteinase is summarized in Table 1 . The major components of the purification were the two ion-exchange steps. The batch DEAE-cellulose Lanes: 1 and 2, SDS-PAGE; 1' and 2', Western blots. The proteinase was purified in the absence of PMSF but prepared for gel loading in the presence of PMSF (lanes 1 and 1'; see Methods) or purified and prepared without PMSF (lanes 2 and 2'). All tracks were loaded with 2 pg protein.
step removed the brown colouration and 92% of the contaminating protein from the dialysed extract. The protein peak which eluted from the CM-cellulose column during application of the KCl gradient coincided with the peak of proteolytic activity (Fig. 1) . When PMSF was added to the proteinase eluted from the CM-cellulose Suc-Ala-Ala-Pro-Phe-pNA Suc-Ala-Ala-Pro-Leu-pNA Suc-Ala-Ala-Pro-Ala-pNA Suc-Ala-Ala-Val-Ala-pNA Suc-Ala-Ala-Val-pNA Suc-Ala-Ala-Ala-pN A Suc-Phe-G1 y-pNA Suc-Phe-pNA Ac-Leu-pN A Ac-Ala-pNA Benz-Tyr-pNA Benz-Arg-pNA column, the activity was totally inhibited within 5 min at 35 "C. This treatment allowed the physical properties of the enzyme to be characterized without autolysis which was otherwise extensive as the enzyme had been separated from other proteins during purification. Subsequent elution of active proteinase from gel filtration column (Sephacryl S-200) produced single, coincident and symmetrical peaks of activity and protein. Similarly when PMSF-treated proteinase was run down the gel filtration column, a single protein peak was observed coincident with the peak of antigenicity as determined by ELISA. Proteinase purity was examined by SDS-PAGE and Western blotting as shown in Fig. 2 . It has a major protein band at 27 kDa and a number of low molecular mass impurities (Fig. 2a) . The 27 kDa band has been shown to be the proteinase protein by running purified proteinase through a gel filtration Superose 12 column and subjecting the fraction with peak proteinase activity to SDS-PAGE (data not shown). Western blots using antibodies raised to the 27 kDa protein reveal that many, if not all, of the lower molecular mass impurities in the active protein are antigenic, suggesting that they are breakdown products of the 27 kDa protein as a result of autolysis. The low molecular mass impurities were probably generated during purification as Western blots of crude extracts from 5-d-old mushrooms in which the total sporophore protein would have a protective effect, showing only one antigenic band at 27 kDa (data not shown). As shown in Fig. 2(b) , the addition of PMSF to purified active proteinase before sample preparation for SDS-PAGE reduces autolysis. Fig. 2 (a) shows the purity of the proteinase which was PMSF-treated during purification.
The molecular mass of the PMSF-treated proteinase as determined by SDS-PAGE was 27 kDa. The apparent molecular mass of the PMSF-treated non-denatured proteinase determined by gel filtration through Superose 12 was 14.1 kDa, approximately half that estimated from the denaturing SDS-PAGE technique. This discrepancy in molecular mass was confirmed by collecting the 14.1 kDa protein peak from the Superose 12 column and analysing it by SDS-PAGE by which its molecular mass was found to be 27 kDa. The proteinase has an isoelectric point at 9.0, a & of 0.51 mM and a Vmax of 2920 units mg-' for the synthetic peptide Suc-Ala-Ala-ProPhe-pNA.
The effects of proteinase inhibitors on the active proteinase are shown in Table 2 . The inhibitors of serine proteinases caused major inhibition. PMSF at 1 mM caused 100% inhibition and this effect could not be reversed by 5 mM-dithiothreitol, indicating that the proteinase is a serine proteinase and not a PMSFsensitive cysteine proteinase. Proteolytic activity was assayed immediately after inhibitor addition to minimize the problem of self-proteolysis. The effect of inhibitors requiring an incubation period (e.g. the proteinaceous soy-and limabean inhibitors) was possibly not maximized.
TCPK and N-tosyl-L-lysine chloromethyl ketone (TLCK) are synthetic substrate analogue inhibitors. The 22 YO inhibition by TPCK, the chymotrypsin inhibitor, and only minor inhibition (6%) by TLCK, the trypsin inhibitor, suggests that the proteinase has a chymotrypsin-like substrate preference, i.e. for hydrophobic amino acid residues. This is consistent with its relative activity against synthetic peptides described below.
The relative activities of the proteinase against a range of synthetic nitroanilide peptides are shown in Table  3 (a). The proteinase had the highest activity against SucAla-Ala-Pro-Phe-pNA. The hydrophobicity of the amino acid in the P, position (i.e. the amino acid on the Nterminal side of the scissile bond) and the nature of the amino acid in the P, position of the four amino acid peptides have marked effects on the relative activity of the proteinase. The length of the peptide also strongly affects proteinase activity. Suc-Ala-Ala-Ala-pNA was cleaved at less than one-twentieth of the rate found with Suc-Ala-Ala-Val-Ala-pNA. Low activity was detected in the synthetic peptides containing only one hydrophobic amino acid, i.e. phenylalanine, leucine or alanine. The proteinase was active against whole proteins (Table 3 b) . All three protein substrates tested were degraded and highest activity was observed with azocol as substrate.
The proteinase was active between pH 5-5 and 12 and optimally active between pH 6.5 and 11.5, using Suc-AlaAla-Pro-Phe-pNA as a substrate (Fig. 3 a) . The pH of the and 24 h at 0 "C (solid line and filled symbols). All enzyme assays were done at pH 7.5 using Suc-Ala-Ala-Pro-Phe-pNA as substrate. Activity is expressed as a percentage of initial activity. The buffers used were as described in Methods: A, A, phosphate/citrate; @, 0, phosphate; 1 , n, tricine; +, 0 , glycine; and V, V, carbonate.
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A. bisporus proteinase Fig. 4 . Comparison of N-terminal amino acid sequences of the proteinase from A . bisporus with proteinase K from T. album, EC 3.4.21.14 (Jany et af., 1986), proteinase T from T. album (Samal et af., 1989) and proteinase B from S. cerevisiae, EC 3.4.21.48 (Moehle et af., 1987) . Most likely residues are used where several are possible. Boxes enclose residues identical to the corresponding proteinase sequence of A . bisporus.
enzyme solution affected enzyme stability (Fig. 36) . At 35 "C for 1 h, the most stable pH range was 3.5-65.
There was little loss in activity at 0 "C for 24 h in the pH range 3.5-1 1.5. Loss of activity at 35 "C in the pH range 6.5-10 is likely to be a result of autolysis as this is the range of pH in which the enzyme is highly active. The N-terminal amino acid sequence of the Agaricus bisporus proteinase is shown in Fig. 4 . When the amino acid sequence of the proteinase was compared with known protein sequences, homology was found with several proteinases. The three highest degrees of homology (Fig. 4) were all with fungal subtilisin-type serine proteinases. Proteinase K from Tritirachium album had the greatest degree of homology with 12 matching amino acid residues in the first 20 from the N terminus.
Discussion
A proteinase has been purified from the stipes of senescent sporophores of the mushroom A . bisporus. It has been shown to be inhibited by PMSF, active against Suc-Ala-Ala-Pro-Phe-pNA and to have an apparent molecular mass of 27 kDa as determined by SDS-PAGE. Analysis by SDS-PAGE revealed that the purified proteinase preparation is heterogeneous. However, immunological and gel filtration studies have shown that the proteinase is the 27 kDa band and the lower molecular mass bands are the products of autolysis. The problem of autolysis during the purification of proteinases has been observed on numerous occasions. Bajorath et al. (1988) observed that autolysis of proteinase K from the fungus T. album occurs during sample preparation for SDS-PAGE and at low concentration (0.01 mg ml-I) in aqueous solution.
Four families of proteinases are recognized which have distinct catalytic mechanisms. Inhibitor studies reveal that the proteinase examined here belongs to the class of serine proteinases (EC 3.4.21). Its molecular mass, 27 kDa, and optimal pH activity range of the proteinase in the neutral to alkaline regions is typical for fungal serine proteinases (North, 1982) . The enzyme is clearly different to the proteinase extracted from fresh sporophores of A . bisporus described by Kizuki & Moriya (1982) which appears to be a cysteine proteinase with a molecular mass of 67 kDa. The serine proteinase of A . bisporus has highly specific substrate requirements both for a minimum length requirement for the peptide and for a strongly hydrophobic amino acid residue in the P, position. The discrete bands of the autodegradation products and the ability of the proteinase to hydrolyse Cand N-terminally blocked p-nitroanilide peptides show that the proteinase is acting as an endo-proteinase.
The molecular mass of the proteinase, estimated by SDS-PAGE to be 27 kDa, was approximately twice that found by gel filtration through Superose 12 (14.1 kDa). Similar phenomena have been described for proteinase K from the fungus T. album and proteinase B from Saccharomyces cerevisiae. The molecular mass of proteinase K was determined by gel filtration to be 18.5 kDa (Ebeling et al., 1974) but by SDS-PAGE to be 30 kDa (Pahler et al., 1984) , and by active site titration to be 28.5 kDa (Jany & Mayer, 1985) . Calculation from the amino acid sequence revealed a molecular mass of 28.93 kDa (Jany et al., 1986) . Similarly, Moehle et al. (1987) describe the estimates of the molecular mass of proteinase B from S. cerevisiae varying from 25 kDa by gel filtration to 32 kDa by SDS-PAGE. This discrepancy was attributed to a probable ionic interaction between proteinase B and the gel filtration medium, Sephadex G-100. Golovchenko et al. (1992) have shown that Superose 12 can act as an ion exchanger at low ionic strength. If the cause of the discrepancy in molecular mass determinations of proteinase from A . bisporus was the same as that for proteinase K (T. album) and proteinase B (S. cerevisae), then the more accurate estimation is likely to be the SDS-PAGE result, at 27 kDa. The proteinase is likely to be monomeric as the non-denaturing molecular mass estimation does not exceed the denaturing estimation by SDS-PAGE.
N-terminal sequence homology has been found between the proteinase of A . bisporus with proteinases K and T (T. album) and B (S. cerevisiae) (Fig. 4) . Within the serine proteinases two families exist with similar catalytic mechanisms but different amino acid sequences and three-dimensional structures. The two families are considered to have evolved independently. Typical examples of each class are mammalian chymotrypsin and bacterial subtilisin. Proteinase K from T. album has a high degree of tertiary homology (Pahler et al., 1984) and amino acid sequence homology (Jany et al., 1986) with subtilisin, and has therefore been classified as a subtilisin type serine proteinase. However, subclasses of subtilisins have been proposed between proteinase K-type proteinases which contain disulphide bonds and bacterial subtilisins which do not (Jany et al., 1986) . The Nterminal sequence homology (60 YO identity) between the proteinase from A . bisporus and proteinase K from T. album strongly suggests that the A . bisporus proteinase is a subtilisin-type serine proteinase (EC 3,4.21.14) and likely to be in the proteinase K sub-class. A . bisporus proteinase and proteinase K have very similar properties ; 60% identity in the N-terminal amino acid sequence, molecular masses of 27 and 29 kDa by SDS-PAGE, respectively, PIS of 9.0 and 8.9, respectively, wide neutral to alkaline pH activity curves, substrate specificities for hydrophobic amino acids in the P, position, activity in the presence of SDS (Ebeling et al., 1974) and both share the phenomenon of differing molecular mass determinations between SDS-PAGE and gel filtration (Jany & Mayer, 1985) . However, their sensitivity to the inhibitor TPCK differs, A . bisporus proteinase showed 22 % inhibition, whereas proteinase K showed no inhibition (Ebeling et al., 1974) .
The purification factor of the proteinase was 33 indicating that the proteinase accounts for approximately 3 % of the soluble protein in the senescent mushroom stipe at 5 d post-harvest. The abundance of the proteinase suggests that its role is probably of a nutritional nature rather than solely for enzyme activation. For complete degradation of proteins to amino acids, the activity of this high specificity proteinase would require additional activities of as yet uncharacterized peptidases and possibly other endoproteinases.
The results presented in this paper show the presence of a serine proteinase in the stipes of senescent mushroom sporophores with properties very similar to proteinase K from the fungus T. album. Proteinase characterization and the use of antibodies will provide the opportunity to study the regulation of proteinase induction. Further work is underway to identify the cellular and tissue location of the enzyme and its role in protein catabolism and sporophore senescence.
